Intussusception is defined as the invagination of one segment of the bowel into an immediately adjacent segment. The intussusceptum refers to the proximal segment that invaginates into the distal segment, or the intussuscipiens (recipient segment). Intussusception, more common in the small bowel and rarely involving only the large bowel, has historically presented as small bowel obstruction, although there is an increasing appreciation of cases of transient, asymptomatic intussusception within the era of abdominal CT scans. The natural history of intussusception starts with a lead point, typically neoplastic (such as lymphadenopathy, polyp, or cancer), which acts as a focal area of traction that draws the proximal bowel within the peristalsing distal bowel. Symptoms occur due to continued peristaltic contractions of the intussuscepted segment against the obstruction. With continued invagination resulting in edema, eventually the vascular flow to the bowel becomes compromised, resulting in ischemia to the affected segment that, left untreated, can result in necrosis and perforation.
Intussusception is defined as the invagination of one segment of the bowel into an immediately adjacent segment. The intussusceptum refers to the proximal segment that invaginates into the distal segment, or the intussuscipiens (recipient segment). Intussusception, more common in the small bowel and rarely involving only the large bowel, has historically presented as small bowel obstruction, although there is an increasing appreciation of cases of transient, asymptomatic intussusception within the era of abdominal CT scans. The natural history of intussusception starts with a lead point, typically neoplastic (such as lymphadenopathy, polyp, or cancer), which acts as a focal area of traction that draws the proximal bowel within the peristalsing distal bowel. Symptoms occur due to continued peristaltic contractions of the intussuscepted segment against the obstruction. With continued invagination resulting in edema, eventually the vascular flow to the bowel becomes compromised, resulting in ischemia to the affected segment that, left untreated, can result in necrosis and perforation.
In the pediatric population, ileocolic intussusception is the most common type. The etiology of intussusception in children is typically idiopathic, often influenced by anatomic or infectious factors (►Table 1). The diagnosis and management in this population generally starts with nonoperative reduction of the intussusceptum using air or contrast enemas.
In the adult population, intussusception is frequently due to a pathologic lead point, which can be intraluminal, mural, or extramural. As opposed to the pediatric population, the treatment of intussusception causing obstruction in adults typically involves surgery, often with bowel resection.
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Abstract
Intussusception is defined as the invagination of one segment of the bowel into an immediately adjacent segment of the bowel. Idiopathic ileocolic intussusception is the most common form in children and is typically managed with nonoperative reduction via pneumatic and/or hydrostatic enemas. In the adult population, intussusception is uncommon and occurs more often in the small intestine than in the colon. It is associated with lead point pathology in most symptomatic cases presenting as bowel obstruction. When lead point pathology is present in adult small bowel intussusception, it is usually benign, though when malignant it is most frequently due to diffuse metastatic disease, for example, melanoma. In contrast, adult ileocolic and colonic intussusception lead point pathology is most frequently primary adenocarcinoma when malignant. The diagnosis is typically made intraoperatively or by cross-sectional imaging. With increasingly frequent CT/MRI of the adult abdomen in the current era, transient and/or asymptomatic intussusceptions are increasingly found and may often be appropriately observed without intervention. When intervention in the adult population is warranted, usually oncologic bowel resection is performed due to the association with lead point pathology.
Etiology
Intussusception results from the alteration of normal peristalsis by a lesion in the bowel wall that creates invagination. It can occur anywhere in the small and large intestine. The nomenclature of intussusception reflects location of both the intussusceptum and intussuscipiens in the bowel: enteroenteric, appendiceal, appendiceal-ileocolic, ileocolic, colocolic, rectoanal, and stomal intussusception. For the purpose of this article, rectoanal and stomal intussusception will not be discussed as they are better characterized as (extracorporeal) prolapse. The upper gastrointestinal structures, specifically the esophagus, stomach, and duodenum, are rarely involved in intussusception due to their lack of mobility, redundancy, and characteristic anatomic fixation. Moreover, the most common locations are at the junctions between freely moving segments and areas that are fixed, such as to the retroperitoneum (i.e., the fully peritonealized and mobile ileum intussuscepting into the fixed, retroperitoneal cecum) or through adhesions.
Pediatric Etiology
Intussusception is most commonly encountered in children and has been reported to be the most common abdominal emergency in early childhood and the second most common cause of intestinal obstruction after pyloric stenosis.
1 The mean age of intussusception in children is 6 to 18 months, with a male predominance. The incidence of intussusception declines with age-only 30% of all cases occur in children older than 2 years. Ileocolic intussusception is the most common form of intussusception in children. The etiology of pediatric intussusception is usually idiopathic, with only 10% of cases having an identifiable precipitating lesion.
2 Several predisposing factors are thought to contribute to the pathophysiology of pediatric intussusception (►Table 1). Certain anatomic features in the developing gastrointestinal tract may predispose the pediatric bowel to an intussusception, including an anterior insertion of the terminal ileum with respect to the cecum, decreased rigidity of the cecum secondary to the absence or underdeveloped taeniae coli, and lack of mature participation of the longitudinal muscle fibers of the colon at the level of the ileocecal valve. These variations were identified by Scheye et al 3 in a postmortem evaluation of 15 autopsy specimens, with 3 of the specimens being used for detailed evaluation of ileocecal valve anatomy. The development of intussusception may thus result from the invagination of the muscular ileocecal valve into the cecum due to the decreased rigidity of the cecal wall caused by the paucity of developed taeniae coli. Infectious etiology resulting in mesenteric lymphadenopathy is another common cause of pediatric intussusception. Hypertrophy of the Peyer patches in the setting of common viral illness such as adenovirus and rotavirus can lead to intussusception. Buettcher et al found a seasonal variation of intussusception that correlated with seasonal variation of viral gastroenteritis. 4 Approximately 30% of patients experience an antecedent viral illness before the onset of intussusception. Intussusception can also be caused by noninfectious etiologies, such as intestinal allergies, Celiac disease, and Crohn disease. Similar to infectious causes, hypertrophy of Peyer patches and/or mesenteric lymphadenopathy can act as a lead point. Unlike in the adult population, neoplasia is a rare etiology of intussusception in children; but if a neoplastic etiology is present, lymphoma is most common in the pediatric population, as opposed to adenocarcinoma in adults.
Additionally, altered peristalsis in focal areas of the bowel wall leading to aperistaltic segments that feed into peristaltic areas, as in the submucosal hemorrhages in Henoch-Schonelin purpura, allows for the formation of an intussusceptum. Functional bowel disorders, and poorly understood neuroenteric disorders such as small intestinal pseudoobstruction, can alter peristalsis and result in intussusception in a similar fashion. Aperistaltic segments may be conceptualized as lead points.
Although the majority of pediatric cases do not have an identifiable etiology, in approximately 10% a lead point or underlying cause will be found. Congenital gastrointestinal tract abnormalities such as Meckel diverticulum, intestinal duplication, or the presence of lesions such as polyps, hamartomas, or malignancies (lymphoma, carcinoma due to juvenile polyposis syndromes) can all result in intussusception. In pediatric patients with cystic fibrosis, foreign bodies, intestinal parasites, and inspissated feces may result in lead points in the ileum causing ileocolic intussusception. Intestinal Intussusception Marsicovetere et al. 31
With increasing age, the likelihood of identifiable causes of intussusception increases. Malrotation is another etiology of intussusception in a condition called Waugh syndrome. 5, 6 The pathophysiology involves prolapse of the ileocolic region into the non-fixed ascending colon in the midabdomen in children with malrotation. As the ascending colon is not fixed to the retroperitoneum, the intussusceptum often advances into the descending colon and rectum without compromising the vascularity of the bowel. At the time of surgery for malrotation and intussusception, the diagnosis is usually made and confirmed by the location of the cecum and the pathognomic presence of peritoneal bands from the ascending colon across the duodenum. As nonoperative reduction is a common practice for pediatric intussusception, practitioners should be aware of the possibility of Waugh syndrome.
Adult Etiology
Adult intussusception is rare, accounting for only 1 to 5% of bowel obstructions. 2, 7 The causes of nonidiopathic adult intestinal intussusception are shown in ►Table 2. The mean age of intussusception in adults is 50 years with no gender predominance. In direct contrast to pediatric etiologies, adult intussusception is associated with an identifiable cause in 90% of symptomatic cases with an idiopathic cause in 10% of cases.
8,9
Benign or malignant neoplasms cause two-thirds of cases with a lead point; the remaining cases are caused by infections, postoperative adhesions, Crohn granulomas, intestinal ulcers (Yersinia), and congenital abnormalities such as Meckel diverticulum. Of the cases caused by neoplasms, 50% of them are malignant.
8-10 Independent predictors of malignancy include colonic intussusception and anemia (hemoglobin <12 g/dL). Most adult intussusceptions arise from the small bowel, and most lesions are benign with a rate of 50 to 75% in most series. 2, [8] [9] [10] The most common lesions are Meckel diverticulum and adhesions. 8 Benign tumors include lymphoid hyperplasia, lipomas, leiomyomas, hemangiomas, and polyps. Other conditions that predispose to small bowel intussusception include anorexia, nervosa, and malabsorption syndromes, as increased flaccidity of the bowel wall facilitates invagination. Supratherapeutic anticoagulation therapy may cause submucosal hemorrhages that can lead to intussusception. Less commonly, malignant tumors may act as lead points with metastatic disease (i.e., carcinomatosis) being the most common. In several reports, approximately 50% of malignant lesions causing small bowel intussusception were metastatic (miliary) melanomas.
8 Malignant intraluminal causes of small bowel intussusception include primary leiomyosarcomas, adenocarcinoma, GIST tumors, carcinoid tumors, neuroendocrine tumors, and lymphomas. Adult intussusception less commonly occurs in the colon than in the small bowel and accounts for only 20 to 25% of all intussusceptions in most reported case series. 2, [8] [9] [10] The most common malignant cause of colonic intussusception is primary colonic adenocarcinoma and the most common benign cause is colonic lipoma. Contrary to the small intestine, several reports indicate that colonic intussusception is more likely to have a malignant lead point due to the increased prevalence of malignancies in the colon versus the small bowel. 10 However, other studies conflict with this and suggest the proportion of benign and malignant lesions causing colonic intussusception is similar to that of small bowel intussusception. Ileocolic intussusception in adults is a unique variant in which nearly 100% of cases have a malignant lead point, namely, cecal adenocarcinoma involving the ileocecal valve. The etiologies of adult intussusception defined earlier apply mainly to the Western developed world. In central and western Africa, primary adult intussusception is known as "Ibadan intussusception" or "tropical intussusception" and is most commonly cecocolic.
11 This geographic variation in pathology has been attributed to the fiber content of the diet, dietary habits, genetics, and gut microbiome composition.
Clinical Presentation
The clinical presentation of intussusception is variable but generally marked by abdominal pain and signs of bowel obstruction. In the pediatric population, it is one of the most common abdominal emergencies. Children younger 
12
In adults, the clinical presentation of intussusception can be nonspecific, rarely presenting with the classic triad of abdominal pain, palpable mass, and bloody stool. [13] [14] [15] Instead, it presents with symptoms of small or large bowel obstruction. The most common presenting symptom is abdominal pain, 14, 16 with associated symptoms consistent with partial obstruction: nausea, vomiting, obstipation, gastrointestinal bleeding, change in bowel habits, constipation, or bloating.
15,17
Wang et al found abdominal cramping pain in nearly 80% of patients as a leading symptom; a palpable abdominal mass, however, was found in less than 9%. 10 Symptoms are typically acute, lasting days to weeks, 15 but rarely can be chronic, lasting years. 18 The onset and duration of clinical symptoms is significantly longer in large bowel than in small bowel disease, 62.5 versus 35.7% respectively.
19
Physical exam reveals a distended abdomen, with tenderness ranging from mild to severe (consistent with parietal peritoneal irritation). Decreased or absent bowel sounds, guaiac-positive stool, and an abdominal mass may be present. 16 If the presentation is late in the course of the disease, the patient may present with signs of peritonitis or bowel ischemia with pain out of proportion to physical exam findings. In addition, signs of shock such as hypotension and tachycardia may be present. The nonspecific nature of these findings, coupled with the rarity of intussusception incidence in adults, can result in a broad differential diagnosis and may not include intussusception. Laboratory values typically reveal an elevated white blood cell count and nonspecific inflammatory markers/acute phase reactants such as thrombocytosis and elevated C-reactive protein.
20 ►Table 3 summarizes recently published case series of adult intussusception regarding presenting symptoms(s), diagnosis, and final pathology.
Patient Evaluation
The assessment of intussusception differs in pediatric and adult populations. In children, intussusception is typically idiopathic and benign, and diagnosis can be expedited by having a high index of suspicion. In adults, it typically represents obstruction from a potentially malignant etiology. In either case, quick, less invasive, and less costly approaches are initially employed in the making of the diagnosis. Evaluation often starts with plain films of the abdomen (acute abdominal series). Plain films will typically reveal signs of intestinal obstruction or perforation, which may include massively distended loops of bowel with absence of colonic gas, as well as information on the location of the obstruction in the gastrointestinal tract. 14 Additional radiographic findings include a target sign, consisting of two concentric radiolucent circles superimposed on the right kidney which represents peritoneal fat surrounding the intussusception 21 ;
an obscured liver margin 22 ; or lack of air in the cecum, preventing its visualization. While plain films are deemed useful in the diagnosis of obstruction, they lack sensitivity and specificity for diagnosing intussusception. 14 A 2008 study of 72 intussusception patients found that plain films were of little to no use in making the diagnosis, with 0% detection rate. 19 More recently, in a study that analyzed clinical and radiological findings in an attempt to provide a decision tree, more than 20% of patients with intussusception had negative plain films. 23 Although they may not make the diagnosis, they clearly have a role in objectifying the bowel obstruction and occult pneumoperitoneum. Unlike plain films, the sensitivity and specificity of ultrasound in diagnosing intussusception approaches nearly 100% in experienced hands, especially in children. 24 Due to the noninvasive nature of ultrasound, it is the imaging modality of choice for evaluating children, and has been found to be a rapid, sensitive screening procedure in the assessment for intussusception. The classic feature is the target or doughnut sign caused by the edematous intussuscipiens forming an external ring around the centrally based intussusceptum.
25
On the transverse view, the pseudo-kidney appearance is formed by the layers of the intussusception. In adults, however, ultrasound tends to be less accurate than in children, but may still reveal classic features of the target or doughnut sign on the transverse view and pseudo-kidney on the longitudinal view. Color Doppler may be used to demonstrate decreased blood flow to the intussusceptum if bowel is ischemic. Limitations to ultrasound accuracy include massive air in cases of bowel distension or morbid obesity, both of which can result in a decreased rate of detection and diagnosis of intussusception.
14
In adults, given the nonspecific nature of the clinical presentation and the wide differential, choice of imaging modality is important to arrive at a timely diagnosis. In a series reported by Guillén Paredes et al, diagnostic studies used to assess 12 cases of adult intussusception included abdominal X-ray, ultrasound, CT, pre-op colonoscopy, and opaque enema. 20 Findings supported an order of diagnostic accuracy as follows: CT (8 out of 10 patients), followed by ultrasound (6 of 12 patients), followed by opaque enema (2 of 4 tests performed), and colonoscopy (2 of 5 tests performed); no mention was made of the accuracy of abdominal X-rays. Diagnostic accuracy of CT has been found to be as high as 58 to 100% in other reports. 14, 19 Recently, Ciftci found in a small study of six patients that CT was ideal for the diagnosis of intussusception. 26 In that same study, ultrasound was found to be of less utility in diagnosing intussusception. This was owing to potentially limiting factors such as bowel wall edema and sigmoid volvulus, which appear on ultrasound with the same target and ox eye signs as intussusception. Additionally, Intestinal Intussusception Marsicovetere et al. 33
decreased reliability was noted due to air levels in the bowel, a large amount of feces in the colon and malrotation. Similarly, Guillén Paredes et al found that despite the fact that ultrasound was used more frequently, it did not guarantee a diagnosis on most occasions and abdominal CT was recommended. Classic findings on CT include "target," "bulls-eye," or sausage-shaped lesions as a concentric hyperdense double ring, features owing to the anatomic configuration of the outer intussuscipiens and the central intussusceptum creating a bowel-within-bowel appearance (►Figs. 1-4).
13,14,19
Additionally, mesenteric vessels within the bowel lumen are characteristic on CT, showing compromised vascular perfusion in terms of venous stasis, edema, and air in the bowel wall due to necrosis or gangrene.
14 Despite the benefits of CT, Martín-Lorenzo et al found that while CT is extraordinarily sensitive for detecting intussusception, it is limited by less accessibility, a static and single plane exploration, radiation, and finally oral and IV contrast which could further delay the study and thus the proper diagnosis. 18 As such, CTwas thought best limited to use in chronic cases, and ultrasound in the hands of experienced radiologists could possibly have a sensitivity and specificity close to that of CT. An additional consideration should be kept in mind: with modern, fast 65-slice, and higher CT scans, nonpathologic transient short-segment intussusceptions are commonly seen; these phenomena must be put in the proper clinical context, however, and can usually be ignored. Additional imaging modalities can also have benefit in the evaluation of intussusception. Barium or water-soluble contrast (Gastrografin) enema may be useful in adult patients with colonic or ileocolic intussusception, revealing a characteristic "cup-shaped" filling defect, 27 while also having a therapeutic effect. It is especially useful in colic or ileocolic intussusception. 18 In the pediatric population, hydrostatic or pneumatic enema is limited to therapeutic applications. Barium studies are contraindicated if there is a possibility of bowel perforation or ischemia due to the risk of "barium Abbreviations: Abd, abdominal; constip, constipation; Dx, diagnosis; GI, gastrointestinal; ICV, ileocolic volvulus; LB, large bowel; malig, malignant; N/ V, nausea/vomiting; SB, small bowel; sx, symptoms.
peritonitis." Colonoscopy is another useful tool in evaluating intussusception, notably when the presenting symptoms include a large bowel obstruction; it allows the lesion to be diagnosed and biopsied. Caution must be exercised with colonoscopic biopsy, however, due to an increased risk of perforation resulting from chronic tissue ischemia, vascular compromise, and potentially necrosis. Another transient phenomenon is the inverted appendix, which, after ruling out mass lesion by cross-sectional imaging, can often be observed. With this condition, the patient will usually be asymptomatic. MRI is not routinely used in the pediatric or adult populations in the diagnosis of intussusception, but its sensitivity may be similar to CT, especially when an enterography protocol is used (►Fig. 5).
Treatment
In the pediatric population, treatment depends on the type of intussusception. Ileocolic intussusception, the most common type in children, requires reduction by ultrasound-guided or fluoroscopic pneumatic or hydrostatic enema, and is successful in 85 to 90% of cases. 28 Close observation is required due to the heightened possibility of recurrence within the first 24 hours. Small bowel intussusception, which is uncommon in children, can usually be safely monitored and will reduce spontaneously without surgery. 28 Persistent small bowel intussusception, however, has been associated with a lead point or bowel necrosis, and would likely require surgical intervention.
29
Regardless of intussusception type, surgery is indicated when enema reduction or close observation is unsuccessful. Additionally, surgery is required if there are signs of bowel necrosis. Historically, adult intussusceptions have been treated surgically due to the association of pathology serving as lead point. More recently, however, widespread use of CT/MRI imaging has resulted in increased frequency of the radiographic diagnosis of intussusception-this may be associated with equivocal gastrointestinal symptoms or none at all. 30 As such, retrospective studies have demonstrated successful nonoperative management in as many as 82% of radiographic intussusceptions, even in the setting of gastrointestinal symptoms. 31, 32 This has created some degree of controversy regarding optimal management of these patients. Several key clinical conditions and findings on imaging can assist the surgeon faced with adult intussusception to confidently proceed with surgical exploration: (1) intussusception with associated signs or symptoms of clinical obstruction, (2) intussusception with a lead point mass appreciated on cross-sectional imaging studies, and (3) colocolonic or ileocolic intussusception given the high association with malignancy in many of these cases, particularly ileocolic. In the setting of colocolonic or ileocolic intussusception, preoperative colonoscopy can frequently be pursued to confirm the presence of pathology and/or malignancy. In the large majority of entero-enteric intussusceptions without lead point mass and short affected segments-defined as less than 3.5 to 3.8 cm in several series-expectant management can be employed with serial clinical and imaging evaluations where necessary to ensure resolution.
31-33
When indicated, surgery may be performed laparoscopically or open, depending on the skill and experience of the surgeon. Regardless of the approach, the intussusception must be successfully identified and then carefully reduced (in children) or resected (adults). When preoperative colonoscopy, imaging studies or intraoperative appearance strongly suggests the presence of malignancy, or the surgeon suspects ischemia such that reduction would uncover a gangrenous segment at risk of perforation with even gentle manipulation, reduction is ill advised and the entire segment should be resected en bloc. In these cases, efforts should be made to resect the unreduced intussusception using oncologic principles so as to minimize risk of spillage and contamination of the abdominal cavity with cancer cells; lymphadenectomy of the major draining vessel(s) should be performed obtaining 12 lymph nodes to facilitate proper prognosis and chemotherapeutic treatment recommendations. Generally, resection of the pathologic and/or ischemic segment of bowel with creation of a primary surgical anastomosis can be performed in entero-enteric intussusceptions and right-sided colocolonic or ileocolic intussusception. In instances of left-sided colonic intussusception with associated obstruction, a resection with Hartmann procedure is the generally recommended approach, although both a primary anastomosis and primary anastomosis with proximal diverting loop ileostomy may be considered depending on the situation and risk factors for anastomotic leak. The presence of high-dose steroids, chemotherapy, and other powerful immunosuppressives, malnutrition and smoking may all obviate a primary anastomosis even in the small bowel.
Regarding surgical approach, for open cases (i.e., laparotomy) standard surgical technique using a midline incision and wound protector with or without a fixed retracting system (i.e., Bookwalter) is used. Despite the typical urgent or emergent nature of these cases, infection prevention measures (e.g., optimal antibiotic selection and re-dosing, peritoneal cavity and wound antibiotic irrigation, changing of gloves, suction, and Bovie tip for closing) should be utilized.
For laparoscopic cases, we utilize a 4-cm periumbilical "question-mark"-shaped initial incision, with a small wound protector; this incision will ultimately be used for specimen extraction and for construction of the extracorporeal anastomosis. A 12-mm sleeve, which accepts a laparoscopic stapling device, is secured in place with Teflon tape. Pneumoperitoneum is then established, and two additional 5-mm ports are placed, one in the left lower quadrant and the other suprapubically (in the case of enteroenteric or ileocolic intussusception). This port placement allows excellent access to the entire small bowel, cecum, ascending colon, and proximal one-half of the transverse colon, ileocolic, artery, transverse colic arteries, and root of the small bowel mesentery. All four quadrants of the abdomen and the pelvis are thoroughly explored. Suspicious fluid is sampled for culture and suspicious lesions biopsied. Other ports are placed as needed depending on the location of the pathology. Atraumatic graspers (such as endo-Babcock graspers) are used to run the small bowel in a retrograde manner starting at the ileocecal valve, and using the hand-over-hand technique to carefully grasp the mesenteric edge, not the bowel wall. After the pathologic segment is found, it can either be resected intracorporeally using a stapling device for the bowel and stapler or energy device for the mesentery, or eviscerated and dealt with extracorporeally. In the case of pediatric intussusception, only 5-mm ports are used and the reduction can be performed entirely intracorporeally (►Video 1).
Video 1
Intracorporeal reduction of pediatric intussusception using 5-mm ports. Courtesy of Daniel P. Croitoru, MD. Online content including video sequences viewable at: www.thieme-connect.com/ejournals/html/doi/ 10-1055-s-0036-1593429-ccrs-765-v1.mp4.
Conclusion
Intussusception is a common and often benign condition in the pediatric population, and can usually be managed nonoperatively. The condition is rare in adults, however, and is often a challenging diagnosis due to nonspecific symptoms. Surgeons must therefore be familiar with the epidemiology, etiology, diagnosis, and treatment of both pediatric and adult intussusception. Despite their rarity, most general and colon and rectal surgeons will treat patients with intussusception, and optimal outcomes will only be achieved by understanding the earlier-outlined principles.
